Sorghum and millet are important food staples in semi-arid tropics of Asia and Africa. Sorghum and millet are cereal grains that have prospective to be used as substitute to wheat flour for celiac patients. These are considered as the good source of many important and essential fatty acids. The volatile profiling of these two important crops is comparable to other cereals as well. The present study was an effort to explore biochemical composition of commercially available sorghum and millet varieties with special reference to their fatty acid and volatile profiling. Chemical composition of sorghum and millet was determined according to respective methods. Fatty acid methyl esters were prepared and then subjected to GC-FID for fatty acids analysis. The results indicated that both sorghum and millet oils are rich in essential fatty acids comprising mono and polyunsaturated fatty acids. Main fatty acids that are identified in current study includes palmitic acid, oleic acid, palmitoleic acid, behenic acid, linoleic acid, linoleic acid, stearic acid, myristic acid, etc. On the other hand volatile compounds from sorghum and millet were determined by preparing their respective volatile samples by using calvenger apparatus with suitable volatile extracting solvent. Volatile samples were then subjected to GC-MS analysis and respected results were compared with NIST library. About 30 different volatiles were identified in millet varieties while 35 different compounds were discovered in sorghum varieties belonging to aldehydes, ketones, benzene derivatives, esters, alcohols, sulphur compounds.
Introduction
Food is one of the basic necessities of mankind and is obtained from different sources such as cereals, meat, vegetables, fruits, milk and milk products. Cereals represent major staple foods as they supply large quantity of energy, carbohydrates, protein, micronutrients and fiber to the human diet in developing countries (Sikwese and Duodo, 2007) . Sorghum and millet are primary sources of nutrients e.g. protein, mineral, vitamins and energy (Belton and Taylor, 2004) . Sorghum is ranked as the 5th most important and valuable crop worldwide after wheat, corn rice and barley is a tropical plant belonging to the Poaceae family (Awika and Rooney, 2004) . While Pearl millet (Pennisatum glaucam) is cultivated on about 12 million hectares and 15 million hectares in Asia and Africa respectively, consumed as the staple food by a large number of population in India and Africa (Maha et al., 2003) . According to the latest researches, an increased interest in usage of finger millet is observed. Potential health benefits includes hypoglycemic features, antioxidant, and antimicrobial activities which are due to its polyphenols (Lakshmi et al., 2002; Chethan and Malleshi, 2007) .
Oil extracted from the various cereal grains has peculiar fatty acids with characteristic properties which are important from industrial point of view. The main fatty acids contributing in the human physiology by various ways are saturated, mono and polyunsaturated fatty acids abbreviated as SFA, MUFA and PUFA respectively (Iso et al., 2002; Patil and Gisler, 2006) . Most concerned fatty acids are linoleic acid and linolenic acid since both are vital for humans and previous researches have shown that linoleic was the prime fatty acid in sorghum and millet varieties, followed by palmitic acid and oleic acid. The key fatty acid constituents in the oil of sorghum seeds were palmitic (C-16:0), oleic (C-18:1) and linoleic (C-18:2) acids. Moreover unsaturated fatty acid comprises of linolenic acid (C-18:3) and palmitoleic acid (C-16:1) existing in several varieties (Mehmood et al., 2008) . According to the research results concentrations of stearic acid, palmitic acid and arachidic acid is (1.2 to 1.4%), (12.1-13.4%) and (0.1-0.2%) respectively. Palmitic and arachidic acid were the highest amound fatty acids in some varieties. While Afify et al. (2012) have found that sorghum contains stearic acid (1.1-2.6%) and palmitic acid (12.0-20.2%). Whereas Pontieri (2011) have declared that palmitic acid (11.9-14.2%) and arachidic acid (0.1-0.3%) were present in the seed oil of various sorghum varieties. Mehmood et al. (2008) have found that sorghum varieties contain linoleic acid and oleic acid as major unsaturated fatty acids when analyzed. According to Rooney and Waniska (2000) , fatty acids composition of seed oil have declared that the Sorghum bicolor seed oils serve as a potential dietary source of MUFA and PUFA.
The main volatile compounds of cereals include aldehydes, ketones, hydrocarbons, benzene derivatives, alcohols, esters, acids, heterocycles and sulphur. Very little information is available regarding volatile compounds of millet and sorghum. About 50 different types of volatile compounds in millet (Jingke et al., 2012) and among them aldehyde and benzene derivatives were the main compounds in millet. The largest volatile compounds group is aldehyde group in all the identified components. Benzene components were the second most important volatile components. Alcohols, heterocycles, ketones and sulphur compounds were present in minor amounts in aroma compounds of millet (Iso et al., 2002; Jingke et al., 2012) . 
Materials and Methods

Procurement of raw material
Chemical analysis
The flour of sorghum and millet varieties were evaluated for proximate composition i.e. moisture, ash, crude fat, crude fiber and protein according to the AACC 2000 method.
Fatty acid analysis
Oil from the sorghum and millet was extracted by Soxhlet apparatus using petroleum ether as extraction solvent. The extracted oil was converted into fatty acids methyl esters by using the method adopted by Ryan et al. (2007) . By using Pasteur pipettes transferred 100mg±5mg of oil sample to the pyrex test tube with a tight sealing cap. In order to dissolve lipids, added 5ml of hexane and afterwards briefly vortexed. Followed by the addition of 250µl sodium methoxide reagent in the capped test tube and vortex for one minute, pausing every 10 seconds to allowed the vortex to collapse. Added 5ml of saturated NaCl from Rci Labscan to the test tube, capped the test tube and Shake vigorously for 15sec. Let stand for 10 minutes. After that removed the hexane layer and transferred to a vial containing a small volume of Sodium sulphate from Sigma aldrich. FAME should remain in contact with hexane layer having sodium sulphate at least 15 minutes before GC analysis. Transferred the hexane layer to a vial for subsequent GC analysis. GC (Agilent 6890) is used for Fatty acid methyl esters analysis equipped with Flame Ionization Detector as described by Ryan et al. (2007) . Following conditions were used for the GC analysis: column, DB wax Capillary; 60.0 m ×0.25 mm ×0.25 l m; oven temperature programme, the column held initially at 60°C for 3 min after injection, then increased to 185°C with 10°C/m in heating ramp for 1 min and increased to200 0 C with 5°C/min heating ramp for 10 min. Then the final temperature was increased to 220°C with 5°C/m in heating ramp for 20 min; injector temperature, 250°C; detector (FID) temperature, 275 0 C; carrier gas, Nitrogen; inlet pressure, 40.65 psi; linear gas velocity, 39 cm/s; column flow rate , 2.7 ml/m in; split ratio, 40:1; injected volume, 1µL.
Volatile compounds analysis
Volatile compounds from sorghum and millet flours were extracted by using Clevenger apparatus according to the method of Damjan et al. (2009) . In this method flour sample of 250g of sorghum and millet grains and 2 l distilled water was placed in a 4 l flask for 30 minutes. After that flour sample was transferred into Clavenger apparatus. Dichloromethane from Sigma Aldrich was used as the extraction solvent. The samples were heated for 4 hours. After that samples were cooled and dichloromethane was separated in flasks. After that dichloromethane was evaporated by using rotary evaporator. After evaporation the concentrated samples were transferred into vials having small amount of sodium sulphate. The samples were then subjected to GC (Agilent 6890) Coupled with Mass Detector (Agilent 5973).
Following specifications were used for the volatile analysis. Column: VOCOL, 60 m×0.25 mm (i.d.), film thickness 1.5µm (Supelco, Bellefonte, PA, USA). Temperature programmed as: starting at 50°C (2 min), heating at 5°C min -1, final temperature 210°C (40 min). Tinj: 250°C; Tdet : 280°C; injection volume: 1µl. Carrier gas: He, flow 1 ml min -1. MS conditions were set in a way that: electron impact mode, total ion current (TIC) recorded. NIST spectral library was used to compare the mass spectra of compounds subjected to analysis. Damjan et al., 2009) .
Results and Discussion
Proximate composition
Chemical composition for different varieties of Sorghum and Millet have been shown in table 1 and table 2. The moisture content was ranged from 5.4 to 10.0% in different varieties of sorghum and 8.1 to 9.3% in millet varieties. Ash content ranged from 1.6 to 3.3% in sorghum and 1.5 to 2% in millet. Crude fat ranged from 2.5 to 5.6% in whole flour of different varieties of sorghum and 3.7 to 3.8% in millet. Crude fiber showed minimum value of 2.6% and the maximum value of 3.9% for sorghum. Crude fiber exhibited the minimum value of 2.2% and the maximum value of 2.9% for millet. Crude protein in different varieties of sorghum ranged from 11.9 to 17.0% and 15.7 to 16.1% in millet. Nitrogen free extract (NFE) in different varieties of sorghum was ranged from 64.9 to 69.7%. NFE in different varieties of millet was ranged from 67.3 to 66.8%. 
Fatty acids analysis of millet and sorghum oil
Fatty acid analysis of oil from millet varieties: Fatty acids methyl esters of samples were loaded on a DB-WAX column, FID as detector and fractionated by "Gas Chromatography". Two varieties of millet i-e MB-87 and Sargodha Bajra-2011 were subjected to FAME analysis. The fatty acids composition of these two varieties of millet oil is presented in Table 3 . The analysis has shown that the most abundant fatty acid found in both millet varieties is linoleic acid followed by oleic, palmitic and stearic acid. The fatty acid composition of S. Bajra-2011 includes linoleic acid, oleic acid, palmitic acid, erucic acid, stearic acid, arachidic acid, linolenic acid and myristic acid with their concentration in mg/g are as 30.38982, 16.04982, 6.319236, 2.19719 
Fatty acid analysis of oil from sorghum varieties:
The following seven varieties of sorghum were subjected to fatty acid analysis. The varieties are MR-Sorghum, Sandal Bar, PC-1, JS-2002, JS-263, F-114 and Chengari. The fatty acids composition of these varieties is presented in Table 4 . The analysis has shown that the most abundant fatty acid found in all varieties is linoleic acid followed by palmitic acid, oleic acid and stearic acid. The results obtained are in accordance with the research outcomes of Mehmood et al. (2008) and Abugri et al. (2013) .
The Mehmood et al. (2008) and Abugri et al. (2013) . 
MRSorghum
Fatty acids present in F-114 includes linoleic acid, palmitic acid, eicosaenoic acid, stearic acid, arachidic acid, linolenic acid, palmitoleic acid, oleic acid their concentration in mg/g are as 13.11945, 7.68082, 3.2255, 2.05107, 0.764418, 0.387244, 0.268352, 0.109203 respectively. The results obtained are in accordance with the research outcomes of Mehmood et al. (2008) and Abugri et al. (2013) .
Volatile compounds of sorghum and millet
The volatile compounds from Sorghum and millet varieties were extracted by using the Clevenger apparatus method and detected by using GC-MS. The results obtained were identified from NIST library. A total of 30 volatile compounds were identified in millet varieties. These compounds included aldehydes, benzene derivatives, ketones, alcohols, esters, hydrocarbons, acids, furans and S-containing compounds. On the other hand 35 volatiles compounds were identified in seven varieties of sorghum. The results are presented in below in respected Table 5 & 6 of Millet and Sorghum.
Volatile compounds of millet: Aldehydes were the main compounds present in both the varieties namely MB-87 and S.Bajra 2011. Main compounds that were found were hexanal, heptanal, 2,4-Heptadienal, nonanal, 2,4-Decadienal, tridecanal. Benzene derivitves that were identified include 1,2,4,5-tetramethylbenzene, 2-Methylnaphthalene, 1,6-Dimethylnaphthalene, phenanthrene. Alcohols that were discovered include 1-Hexanol, 1-Octen-3-ol, 1-Octanol, 8-Dodecen-1-ol. Ketonic compounds that were identified include 2-heptanone, 2,5-octanedione, acetophenone, 3 nonen-2-one, 2-heptadecanone. Main hydrocarbon compounds that were discovered are dodecane, tridecane, hexadecane, octadecane. Acidic compounds that were distinguished include Tetradecanoic acid, pentadecanoic acid, hexadecanoic acid. Main ester compounds that were identified include Propyl benzoate, Benzoic acid, butyl ester, Hexadecanoic acid, methyl ester. Heterocycles that were identified includes 3-Furaldehyde, Furfural, 1-(2-Furanyl)-ethanone, 2 Pentylfuran. Sulphur containing compounds that were present include Diethyl disulphide, Benzothiazole. The results that were obtained were in accordance to the research outcomes of Damjan et al. (2009) and Liu et al. (2012) .
Volatile compounds of sorghum: Aldehydes were the main compounds present in all the varieties namely Chengari, JS-2002, JS-263, F-114, PC-1, MR-Sorghum and Sandal Bar. Main compounds that were found were hexanal, heptanal, 2,4-Heptadienal, nonanal, decanal and tridecanal. Benzene derivitves that were identified include 1,2,4,5-tetramethylbenzene, 2-Methylnaphthalene, mxylene, phenanthrene and toluene. Alcohols that were discovered include Propan-1-ol, 1-Hexanol, 2,3-Butanediol, 1-Octanol and nonan-1-ol. Ketonic compounds that were identified include 2-heptanone, 2,5-octanedione, 3 nonen-2-one. Main hydrocarbon compounds that were discovered are dodecane, tridecane, hexadecane, octadecane. Acidic compounds that were distinguished include Tetradecanoic acid, acetic acid, hexadecanoic acid and isobutyric acid. Main ester compounds that were identified include Propyl benzoate, ethyl acetate andpropyl acetate. Heterocycles that were identified includes 3-Furaldehyde, Furfural and 2 Pentylfuran. Sulphur containing compounds that were present include Diethyl sulfide and diethyl disulphide. The results that were obtained were in accordance to the research outcomes of Lasekan et al. (1997) and Lyumugabe et al. (2013) . 
Conclusion
Sorghum and millet are neglected cereals and can become important staple crops not only for the under developed, drought and famine affected countries but can also for the developed countries. Sorghum and millet characterization have depicted that these have nutritional profile comparable to wheat and other cereals. In fact these are the good and effective sources of proteins, fiber, fatty acid and many other nutritional components. In this research fatty acid profile of sorghum and millet showed that these are rich in palmitic acid, oleic acid, linolenic and linoleic acid, stearic acid, myristic acid, behenic acid, erucic acid. The volatile profile of sorghum and millet have shown that these belong to the various aromatic groups, aliphatic, sulpher groups, acids, aldehydic, ketonic, benzene derivatives, esters and hydrocarbons.
Thus these two important and potent cereals have to be prioritized and given the due attention in using as staple as well as in drought and famine conditions.
